Introduction
contagiosum virus [16] . We [17] [18] [19] [20] and could be demonstrated in the ex vivo setting of colonic organ cultures [18] . Notably, this regulatory path operates in vivo [21] and may curb IL-18 biological activity as part of a negative feedback loop [10] . In the present study, we set out to investigate molecular mechanisms that direct expression of IL-18BP in human DLD-1 colon carcinoma cells under the influence of IFN-␥.
and others have previously identified IFN-␥ as chief mediator of IL-18BP induction. Interestingly, induction of IL-18BP appears to especially apply to non-leucocytic cells

Materials and methods
Reagents
IFN-␥ was from Peprotech (Frankfurt, Germany), IL-1 receptor antagonist (IL-1Ra) from R&D Systems (Wiesbaden, Germany), IL-1␤ from Invitrogen (Solingen, Germany) and Cycloheximide (CHX) from Sigma (Taufkirchen, Germany). Tumour necrosis factor (TNF)-␣ was kindly provided by the Knoll AG (Ludwigshafen, Germany).
Cultivation of DLD-1 colon carcinoma cells, freshly isolated peripheral blood mononuclear cells (PBMC) and monocytic THP-1 cells
DLD-1 cells (Center of Applied Microbiology and Research, Salisbury, UK)
were maintained in Dulbecco's modified eagle medium (DMEM) supplemented with 100 U/ml penicillin, 100 g/ml streptomycin and 10% heatinactivated foetal bovine serum (FCS; GIBCO-BRL, Eggenstein, Germany). Unless otherwise indicated, cells were incubated under the specified experimental conditions on polystyrene plates (Greiner, Frickenhausen, Germany) 
Electrophoretic mobility shift assay (EMSA analysis)
Preparation of nuclear extracts was performed as previously described [22] . 
Analysis of IL-18BP by quantitative realtime PCR
Realtime PCR for IL-18BP and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was performed as previously described [22] . 
Results
Optimal induction of IL-18BP in DLD-1 cells is dependent on protein translation
In previous work, we identified IFN-␥ as a potent stimulus for production of IL-18BP [17] [18] [19] , particularly in non-leucocytic cells ( [23] , was suppressed in cells exposed to CHX (Fig. 1B, inset) 
The role of the STAT1/GAS axis in IL-18BP promoter activation by DLD-1 cells
The transcriptional start site of IL-18BP was previously identified [20] . Notably, a proximal GAS site imposes within the IL-18BP promoter that is directly located adjacent to the transcriptional start site (-25 bp to -33 bp relative to the transcriptional start site at nt785 of AF110798). In addition, a second distal GAS site that applies to the sequence requirements for putative GAS elements [24, 25] Figure 2A demonstrates 
strong induction of the IL-18BP wild-type promoter (pGL3-BPwt) in response to IFN-␥. Promoter activation was significantly reduced in the context of a mutated proximal GAS site (pGL3-BPmt/prox). In contrast, a dysfunctional distal GAS site (pGL3-BPmt/dist) left reporter gene induction unaffected. The double mutation at the proximal and the distal GAS site (pGL3-BPmt/prox/dist) was not associated with further suppression of reporter gene activity as compared to the single mutation at the proximal site (pGL3-BPmt/prox). Those results clearly indicate that the integrity of the proximal GAS site at the IL-18BP promoter is crucial for gene activation in response to IFN-␥.
In accordance with previous data [22] , (Fig. 2C, left panel, 5 g of protein) . Figure 2C  (right panel, 1 g of Figure 2D 
robust activation of STAT1 was obvious in DLD-1 cells under the influence of IFN-␥ (Fig. 2B). EMSA analysis was performed in order to identify in vitro protein/DNA interactions at the proximal GAS site of the IL-18BP promoter (Fig. 2C). For that purpose, double-stranded DNA probes representing this specific site were exposed to nuclear extracts generated from unstimulated or IFN-␥-treated cells. A single retarded complex (CI) was inducible by IFN-␥. No such complex was detectable if extracts of unstimulated cells were used. Formation of this particular complex, but not of the constitutive complexes, was abolished by addition of two different STAT1 antibodies suggesting an interaction between the labelled probe representing this specific GAS site and pSTAT1 homodimers induced by IFN-␥. Notably, a super-shifted complex (CII) became visible in case of co-incubation with the antibody obtained from Santa Cruz
protein) demonstrates impaired formation of the otherwise retarded protein complex if oligonucleotides were used in EMSA analysis that contain a mutation in the area reflecting the specific proximal GAS site under investigation. For each EMSA experiment, corresponding pSTAT1 immunoblot analysis was performed and validated activation of STAT1 signalling by IFN-␥ (data not shown). We conclude that pSTAT1, present in nuclei of IFN-␥-activated DLD-1 cells, is able to bind in vitro to oligonucleotides reflecting the specific nucleotide context at the proximal GAS site of the IL-18BP promoter. Based on those observations, we sought to assess by ChIP analysis whether STAT1 is physically bound to this specific proximal GAS site in intact DLD-1 cells under the influence of IFN-␥. In Fig. 2D (left panel), we demonstrate that a promoter fragment containing the proximal GAS site and being targeted by the ChIP-PCR is only amplified in those samples derived from sheared-chromatin that had been obtained from IFN-␥-stimulated cells and subsequently underwent STAT1 immunoprecipitation. No such amplicons were generated by PCR if either sheared chromatin from unstimulated cells was used or if immunoprecipitation was performed with IgG control. These observations demonstrate that activated STAT1 in fact physically binds to the proximal GAS site of the IL-18BP promoter in DLD-1 cells exposed to IFN-␥.
Modulation of STAT1 by siRNA impairs IFN-␥-induced IL-18BP in DLD-1 cells
By using the siRNA approach, we set out to investigate the functional significance of STAT1 for IL-18BP expression. In addition, the role of IRF1 was investigated in these same experiments. Figure 3A demonstrates (Fig. 3B) . [18, 22, 26, 27] . Moreover, it is well described that IL-18 bioactivity likely contributes to colonic pathophysiology with regard to inflammation and carcinogenesis [3, 13, 28, 29] . Here, we report that STAT1, activated by IFN-␥, physically binds to a GAS element located proximal at the IL-18BP promoter as detected by ChIP analysis. Mutational analysis of luciferase reporter constructs further substantiated the relevance of this particular regulatory site. [20] . Whereas C/EBP␤ is constitutively expressed in most cell types [30] 
Discussion
In the present study, mechanisms underlying IFN-␥-induced IL-18BP expression in the human colon carcinoma cell line DLD-1 were investigated. DLD-1 colon carcinoma cells are regarded as a prototypic and well-characterized cell culture model for studying gene regulation in colon epithelial cells under the influence of IFN-␥
